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Introduction
   The IPCC’s (Intergovernmental Panel on Climate 
Change) Working Group 1 Report (The Physical 
Science Basis of Climate Change) [1] of the Fourth 
Assessment Report released in February, 2007, 
concluded that global warming has occurred in the 
Earth’s climate system, and also has concluded that 
an increase of anthropogenic greenhouse gases has 
very likely caused this warming. [2]  Along with the 
implementation of prediction results from Earth 
simulators, Japan also made a large contribution, 
as many articles by Japanese researchers were 
quoted or referred to in the report. Compared 
with the Third Assessment Report in 2001, this 
report has a more detailed content in consequence 
of  advancements  in  computer  science,  an 
improvement and expansion of computer resources, 
and a deeper scientific understanding of the global 
warming process.  The reason why it was possible 
for the report to conclude global warming is taking 
place, is based on the fact that observation data of 
the earth, in particular the ocean and the cryosphere 
provided the initial data and verification data for 
the advanced climate change model.  Prediction 
can not be done without data provided from 
observations.  Therefore, along with future model 
advancements, the accumulation of observation 
data, which is the necessary evidence for data 
input to reach an output result, will be of great 
importance. 
   Even though the given name observation is the 
same, meteorological observation, hydrologic 
observation, and other types of observations vary in 
nature. However, it is difficult to say that the ocean, 
which accounts for 70% of the Earth’s surface and 
is the most influential factor of climate change, 
has been discussed and observed as a whole.  The 
purpose of this report is to discuss the necessary 
Ocean Observation Data Collecting System, which 
is required in Global Change Research.
Oceanographic observations 
essential for global change 
research
   As global environmental changes become 
more of a reality, Japan has declared to face the 
problems squarely, as part of the “Becoming 
a Leading Environmental  Nation Strategy 
in the 21st Century”[3].  As a result of rapid 
advancements in computer resources, and it is 
believed that advancement in the model will 
develop significantly in the future. On the other 
hand, the Earth Observation Summit [note 1], and the 
subsequent GEOSS [4][note2], come to represent the 
fact that the necessity of global observation data 
has now earned International Consensus.  In the 
case of the oceans, it is desirable that a framework 
for observing all the oceans in real-time are placed, 
and a world-wide observation system which has 
been the standard in weather forecast be adopted. 
   The IPPC’ first assessment report of 1990 stated 
that “it takes 10 years to detect the warming caused 
by greenhouse gases.” However, in reality it has 
taken over 15 years to detect this warming effect. 
In this way, the global change research takes many 
years to produce results.  Natural phenomena, such 
as ocean currents, go through cycles which can last 
for 10 to 20 years and therefore, observations must 
be done for the period longer than these cycles[5]. 
The Fourth Assessment Report is to determine that 
global warming is happening in the climate system 
of the earth, as this is the result of accumulating 
of observation data over a long period within an 
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international cooperative framework. 
2-1   What should we do in reaction to the 4th 
assessment report?
   In receiving the 4th Assessment Report, steps 
are already being taken for the 5th Assessment 
Report, which will be written within the next few 
years.  The Ministry of Education, Culture, Sports, 
Science, and Technology (MEXT) has launched 
a 5-year (FY2007 - 2011) initiative called the 
Innovative Program of Climate Change Projection 
for the 21st Century (KAKUSHIN Program). It 
states that “We will develop an advanced Japanese 
model to contribute to the IPCC’s  5th Assessment 
Report and the decision-making on global warming 
prevention measures, as well.”  
   The “coupled atmosphere-ocean-land model for 
21st Century Climate Change Prediction”, which 
used the Earth Simulator, developed for the 4th 
Assessment Report by a Japanese research group 
(The group includes: the Center for Climate System 
Research of the University of Tokyo, the National 
Institute for Environmental Studies and a team 
from the Japan Agency for Marine-Earth Science 
and Technology). This model is comprised of grids 
with 100km atmospheric resolution (horizontally) 
and 56 layers to an altitude of 40km coupled with 
a 20 km (horizontally) and 48 layers ocean model. 
It has the world’s highest-resolution. This level of 
grid resolution has, for the first time, allowed 
to simulate the meiyu(baiu) front  and the 
Kuroshio [6]. Even if the grid intervals are 100km, 
20km, etc., there are a total of four million grid 
points on the atmospheric side, and 50 million 
points on the oceanic side.  When this model is 
used to do a 100-year simulation, even the Earth 
Simulator needs a few months of calculation time. 
   Using such models the global  warming 
predictions have focused on the status of the 
Earth 100 years from now, near the end of the 21st 
century. However, it can be said that what people 
really want to know, are the effects within their 
lifetime, their children’s lifetime, and the events 
that will take place 20 to 30 years from now?” 
Global warming prediction for the future must meet 
these time scales, and must have high-accuracy 
and resolution to have a strong influence on the 
decision-making of measures. However, the model 
results are not considered as the prediction that 
is suitable for measures, but the surmise, unless 
verified.  In order to improve the reliability of the 
model results, there is a strong need to collect 
highly accurate high-resolution data, which can be 
applied to the prediction model.
2-2    The turnabout from oceanographic 
observation to monitoring
   Up to now, it has often been considered that 
“observation” is to observe phenomena of 
interest in specific areas in detail.  Analyzing the 
“observation” data, simulating the phenomena with 
numerical models and integrating them, then, we 
come to new findings.  This type of observation 
takes into consideration the representative 
[NOTE1] The Earth Observation Summit
At the Evian G8 Summit in June 2003, it was agreed that to prevent further desertification and water 
shortages caused by global warming, it is essential to collect accurate and wide-range observation 
data, and then circulate the information. With the then Prime Minister Koizumi’s backing, the Earth 
Observation Summit (Ministry-level talks) was agreed upon, and the 1st Earth Observation Summit 
(July 2003 in the US) was held.  This was followed by the 2nd Earth Observation Summit (April 2004 in 
Japan).   
[NOTE2] GEOSS (Global Earth Observation System of Systems) 
During the 3rd Earth Observation Summit (February 2005 in Brussels) in which about 30 international 
organizations and 60 countries including the G8 nations participated in, the GEOSS10-year 
implementation plan was agreed upon, to promote the construction of “Global Earth Observation System 
of Systems (GEOSS)” under international cooperation. In the GEOSS10-year implementation plan, 
the aim is to combine multiple components of the observation systems of national governments and 
international organizations, so that there will be an overall well-balanced GEOSS that is effectively 
established.
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spatiotemporal scale of the phenomenon of interest 
and allows the creation of observation plan. 
   Based on its physics and chemistry processes, 
the observation plan is made in taking into 
consideration the representative spatiotemporal 
scale of the phenomenon of interest.  Therefore, 
it can be defined as an “Analytical Observation 
for Process Study”.  The target of the research is 
clear, and it is a useful way for researchers who 
are always required to publish results. However, 
from the point of view of understanding the picture 
of the world oceans, there is no guarantee that an 
assembly of analytical observation data collected 
with different methods and for different purposes 
can be used to describe it.  In order to understand 
the phenomena of the world’s oceans, and to collect 
data that apply to global change prediction, the idea 
of monitoring that implements standardized ocean 
observation[7] in vast areas is required.
The international project 
intended for ocean monitoring 
of our country
 
3-1    Monitoring the world oceans by the Argo 
Project
   The Argo Project is an international project 
to maintain a global array of 3,000 free-drifting 
profiling floats for comprehensive observation 
of the world’s oceans in real-time, and is formed 
in cooperation by the World Meteorological 
O r g a n i z a t i o n  ( W M O ) ,  t h e  U N E S C O 
Intergovernmental Oceanographic Commission 
(IOC), and other international organizations and 
institutions[8]. As of 2007, there are 29 members 
of the Argo Project, including the United States, 
Japan, France, Germany, South Korea, Australia, 
the United Kingdom, Canada, India, and China. 
Figure 1 : Float design  (top) and standard mission operation (bottom)
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The linchpin of the Argo Project is the Argo Float, 
which can automatically descend to depths of 
2,000 meters and ascend to the ocean surface, 
while measuring the water temperature and salinity 
(Figure 1). 
   The Argo allows, for the first time, continuous 
monitoring of the temperature, salinity, and velocity 
of the upper ocean every 10 days at intervals of 
300km (about every 3° of longitude and latitude).  
   The Argo Floats are built in with the function to 
adjust their own buoyancy, and when first thrown 
into the ocean, descends to a pre-set drifting 
depth (usually 1,000meters).  After drifting at 
that depth for a fixed period (usually 10 days), 
they descend to the deepest observation depth 
(usually 2,000meters), then begin to ascend while 
making measurements of the water temperature 
and salinity, and finally they reach the surface and 
send the collected data to the satellite. When the 
transmission is complete, they again descend to 
the drifting depth.  The Argo Floats are designed to 
continue this process for 3 to 4 years. (Figure 1). 
   The Argo Project has made it possible to 
continuously comprehend the three-dimensional 
structure of the water temperature and salinity 
of the world’s oceans in real-time.  For ocean 
research, it is a breakthrough system, much like 
AMeDAS (Automated Meteorological Data 
Acquisition System) of the Japan Meteorological 
Agency.  On November 30, 2007, at the Fourth 
Earth Observation Summit in Cape Town, South 
Africa, the smooth progress of the Argo Project 
was reported as one of the early achievements of 
GEOSS.
   In Japan, the Argo project is being promoted 
by the “Argo Project Promotion Committee”
composed of the Ministry of Foreign Affairs, the 
Ministry of Education, Culture, Sports, Science 
and Technology, the Fisheries Agency, the 
Ministry of Land, Infrastructure and Transport, the 
Meteorological Agency (JMA), the Japan Coast 
Guard,  Japan Agency for Marine-Earth Science 
and Technology (JAMSTEC), and the experts 
from the universities. In particular, JAMSTEC is 
responsible for a majority of the development of 
the floats, as well as the quality control of collected 
data, and the remaining responsibilities are shared 
by JMA and the Fisheries Research Agency.  
   The Argo Project as a whole has reached its 
development target of 3,000 in late October 2008 
(Figure 2), and new focus is whether or not we can 
move on to the “Sustainable Argo Project.”  Japan 
is currently operating 369 floats, and this number 
is second only to the United States.  When taking 
into consideration the lifespan of the Argo Floats, 
it is necessary to renew 800 of the 3,000 floats per 
year, and Japan is expected to contribute about 100 
of the floats.  The Argo data are utilized by JMA, 
to improve the accuracy of mid-tem and long-term 
weather forecast as well as for Prediction of El 
Niño etc, that are our great concern in daily lives. 
In addition, it is a source for essential information 
Figure 2 : Positions of Argo floats (reached 3,000 targets at the end of October, 2007)
Source:the Argo plan home page  (http://www.argo.ucsd.edu)
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of the oceans for the global warming research, and 
the continuation is expected.
 
3-2    IRHCP: International Repeat Hydrography 
and Carbon Project [9][note 3]
   Approximately 85% of the Earth’s heat increased 
by global warming gases is absorbed by the ocean, 
and causes the ocean water to expand and the 
water surface to rise[1,10]. It is important to know 
about any changes of the heat storage of the 
oceans, in order to understand global warming and 
to evaluate climate models. Many of the Ocean 
Observation results show a world-wide increase in 
temperatures of surface water since the late 1990’s. 
For instance, Levitus et al. (2005), estimates that 
during 1955–1998 the average water temperature 
of the world ocean (0–3,000 m) has risen 0.037°C 
at a rate of 0.2 W/m².[10] The heat capacity of ocean 
is 1,000 times larger than that of the atmosphere. 
Therefore, if the oceans didn’t absorb heat, this 
would mean a 37°C increase in the air temperature.
   To distinguish a rise in water temperature 
described above from its natural variation of the 
scale of a decade to several decades inherent in 
the ocean, and to detect warming trends, there is 
a need to accurately evaluate the changes in the 
structure of density and water temperature of the 
interior of the oceans, as well as the meridional 
transport of heat, and finally to clarify the physical 
causes for such changes.  In order to accomplish 
this, the International Repeat Hydrography and 
Carbon Project (IRHC) is in progress, as part of 
the international project CLIVAR the Climate 
Variability and Predictability[NOTE 4]. This is to re-
[NOTE 3] IRHCP(International Repeat Hydrography and Carbon Project) 
IRHCP is an international-cooperative observation that was agreed in 2005 during the International Repeat 
Hydrography and Carbon Workshop in Japan.  It is a post-WOCE project which conducts a sustainable 
carbon cycle observation and re-observation of WOCE hydrographic observation lines, and also has the 
target of integrating and circulating observation data.  It is an CLIVAR and IOCCP,The International 
Ocean Carbon Coordination Project that is a joint project of IOC and Scientific Committee on Oceanic 
Research approved project.
[NOTE 4] CLIVAR(Climate Variability and Predictability)
CLIVAR is the World Climate Research Programme (WCRP)[NOTE 5] project that addresses Climate 
Variability and Predictability, with a particular focus on the role of ocean-atmosphere interactions in 
climate. The challenges for CLIVAR are to develop our understanding of climate variability, to apply 
this to provide useful prediction of climate variability and change through the use of improved climate 
models, and to monitor and detect changes in our climate system.
[NOTE 5] WCRP (World Climate Research Programme)
The WCRP is a sub-program of the WCP (World Climate Programme) run by the WMO (World 
Meteorological Organization), and works in cooperation and receives financial support from the ICSU 
(International Council of Scientific Unions) and the IOC (Intergovernmental Oceanographic Commission). 
The two overarching objectives are: (1) to determine the predictability of climate; and (2) to determine 
the effect of human activities on climate. Many activities of the WCRP are designed to improve scientific 
understanding and knowledge of processes that in turn result in better forecasts and hence benefits to users 
of climate research.
[NOTE 6] WOCE (World Ocean Circulation Experiment)
The WOCE was a component of WCRP, and was performed from 1990 to 2002.
 The aims of the programme were to establish the role of the general ocean circulation in the earth's 
climate and to obtain a baseline dataset against which future change in a scale of a few decades could 
be assessed. Sophisticated numerical ocean models were also developed to provide a framework for the 
interpretation of the observations and for the prediction of the future ocean state. The observation efforts 
were put into the WHP (WOCE Hydrographic Program). It occupied the many land-to-land hydrographic 
observation lines in the world oceans, measuring with high accuracy the physical parameters, the nutrients 
and chemical substances of the water from the surface to the bottom.
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occupy the land-to-land hydrographic observation 
lines of the WOCE(the World Ocean Circulation 
Experiment)[NOTE 6], and to perform comparison 
research with observation results from those of 
WOCE. In this project, the responsible observation 
lines are set for each country.  In 1999, JAMSTEC 
occupied the central part of WHP-P1 Line (along 
the 47°N in latitude) by R/V Mirai, and since 
then, they have been conducting the land-to-land 
hydrographic observations in the northern Pacific 
Ocean almost every two years (Figure 3).  The full 
P1 Line re-observation by the “Mirai” was done in 
2007 following the 1999 observation. It was one-
month trans-North Pacific cruise, and there were 
115 hydrographic stations, and the measurement 
items were: water temperature, salinity, current 
speed, dissolved oxygen, nutrients, carbonates, 
CFC's (chlorofluorocarbon), trace metals, isotopes, 
seabed topography, and maritime meteorology etc.  
   Findings of the changes in the Antarctic overturn 
and the bottom water temperature of the Pacific 
Ocean are two examples of the achievements 
accomplished by the IRHC.  The near bottom layer 
of the Pacific Ocean is occupied by Circumpolar 
Deep Waters (CDW) which is produced in the 
Southern Ocean by the deep overturn (the result 
of dense water descending to the bottom due to 
sea ice formation at the surface) and flows through 
the west side of the South Pacific Ocean, and 
into the North Pacific.  According to analysis of 
observation results from the “Mirai”, as well as 
other re-observation lines, the Pacific bottom water 
temperature along the pathway of CDW has raised 
significantly in the last 10 to 20 years[11,12].  This 
result suggests that the circulation of deep waters 
in the Pacific Ocean slow down. 
   In recent years, similar changes in the ocean 
general circulation have been founded. The Atlantic 
meridional overturning which is the starting point 
of the “ocean convey belt” off the eastern shores 
of Greenland has slowed by about 30% between 
1957 and 2004 [13].  In addition, it is reported that 
the bottom water temperature of the South Atlantic 
has risen 0.04° [14].  It is believed that the rapid 
cooling of the Earth some 12,000 years ago (The 
Younger Dryas stadial)[note 7] was caused by the stop 
of the ocean conveyer belt.  Some model prediction 
shows that global warming may cease the conveyer 
belt, and thus it is vital to have continuous monitor 
of such changes.  
   The comparison of observation data with the 
advanced or same quality in the 2000’s to the 
WOCE land-to-land hydrographic observations 
with high accuracy during the 1980’s to 90’s gives 
knowledge of such ocean variations.  Such in-situ 
data are the control data for the Argo Project and 
the Global Carbon Project [NOTE 8] as well, and the 
continuation of such observation will be essential. 
Figure 3 : Observation lines occupied by Japan (left) and IRHC projected lines (right)
[NOTE 7] Younger Dryas
The Younger Dryas was a stadial (period of colder temperatures during an interglacial) in the high 
latitudes of the Northern Hemisphere between 12,900 – 11,500 years before present (BP) in sharp contrast 
to the warming of the preceding interstadial deglaciation. The transitions occurred over a period of a 
decade or so with the temperature drop of about 6°C.  
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3-3   Monitoring network of moored buoys for 
the Indian Ocean dipole event and El 
Niño [15]
   The world’s warmest ocean waters, known as the 
“warm water pool”, can be found in the Western 
Equatorial Pacific and Eastern Equatorial Indian 
Oceans. The oceanic variability in these areas 
is closely related to the global scale climate 
variations of the El Niño and the Indian Ocean 
Dipole Event.[16] Climate change research in the 
tropical Pacific began in 1985 with the TOGA 
(Tropical Oceans and Global Atmosphere, 
1985-1994) Project, aimed to observe and predict 
the El Niño.  In this project, the focal observation 
apparatus was the TAO (Tropical Atmosphere 
and Ocean) buoy Array of U.S.A, and the data 
from this array accelerated El Niño research and 
contributed to the improvement of its prediction. 
On the other hand, parallel to this international 
project, the independent Japan Agency for Marine-
Earth Science and Technology (JAMSTEC, named 
the Japan Marine Science and Technology Center 
at the time) had developed the TRITON buoy with 
is own technology (Figure 4).  The TRITON buoy 
array was deployed from 1999 in the Western 
Tropical Pacific Ocean, and since 2000, it consists 
of US-Japan El-Niño Monitoring Network 
cooperatively operated with the TAO buoy array 
that are deployed from the Central and Eastern 
Pacific (Figure 5).  
   In recent years, climate change observation 
research in the tropical regions of the Indian 
Ocean using satellite data, has presented that there 
is an Indian Ocean Dipole events (IOD), which 
can be called the El Niño in the Indian Ocean [16]. 
Meanwhile, JAMSTEC started IOD observations 
the first in the world in 2001 when they placed 2 
TRITON buoys in the Indian Ocean.  
   The IOD is normally characterized by anomalous 
cooling of SST (sea surface water temperature) 
in the eastern equatorial Indian Ocean (off Java 
Island) and anomalous warming of SST in the 
western equatorial Indian Ocean (off Africa). 
Associated with these changes the normal 
convection situated over the eastern Indian Ocean 
warm pool shifts to the west and brings heavy 
rainfall over the east Africa and severe droughts/
forest fires over the Indonesian region. This 
happens every few years, and usually starts during 
May and June, reaches a peak at around October, 
and then begins to fade in December. During the 
2006 IOD, there were multiple floods in the eastern 
tropical Africa, which lead to over 1 million people 
evacuating their homes.  
   As a result of their research, JAMSTEC was 
the first successfully able to predict the 2006 IOD 
in as early as November 2005[18].  The 2007 IOD 
was also predicted, and in late September, 2007, 
satellite observations scientifically affirmed this 
prediction.  This suggests that wide-scale droughts 
in Australia and the heavy rains in eastern Africa 
caused by the IOD can be predicted about 6 months 
in advance.  In addition to improving the reliability 
of short-term prediction for IOD and El Niño, it 
is a vital task to reveal the relationship with long-
term climate changes.  For this, it is essential to 
[NOTE 8] GCP (Global Carbon Project)
The Global Carbon Project was formed to assist the international science community to establish a 
common, mutually agreed knowledge base supporting policy debate and action to slow the rate of 
increase of greenhouse gases in the atmosphere. The GCP is responding to this challenge through a 
shared partnership between the International Geosphere-Biosphere Programme (IGBP), the International 
Human Dimensions Programme on Global Environmental Change (IHDP), the World Climate Research 
Programme (WCRP) and Diversitas. This partnership constitutes the Earth Systems Science Partnership 
(ESSP).
Figure 4 : TRITON buoy 
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maintain and strengthen the buoy monitoring 
network in the Indian Ocean that provides real time 
in-situ observation data.
The ocean monitoring system 
for predicting ocean’s and 
earth’s changes
   The IPCC 5th Evaluation Report, which will be 
out within a few years, is expected to be strongly 
conscious of contributing to decision making, so 
that it is necessary to specify “what will happen 
where, when, and to what extent.” This means 
that more detailed spatial-temporal predictions are 
required.  It is beyond discussion that high-quality 
global observation data are essential which can be 
applied to the initial condition and validation for 
the advanced computer simulation.  There is a need 
to continuously observe the state of the Earth and 
Ocean, and how it is changing.  The most important 
point is not to perform analytical observation like 
many other observations of this time, but to create 
an observation project with the aim to keep an eye 
on the world-wide oceans as a whole.
4-1    Utilizing existent ocean monitoring 
systems
   GEOSS, which has promoted global observation 
within an international framework, states in their 
10-year Implementation Plan Reference Document, 
that i t  will  be a “system of systems” with 
components consisting of existing and future Earth 
observation systems.  Also, they have followed 
up their statement, “GEOSS builds on current 
cooperation efforts between existing observing 
and processing systems”, by utilizing existing 
observation systems as its foundation. There is 
strong emphasis on the importance of system 
establishment that can function immediately while 
encouraging and accommodating new systems, 
because global observation is an urgent task 
to be started as soon as possible.  When Japan 
follows this GEOSS’s policy, the foundation of 
our ocean observation system should center on 
the continuation of the 3 currently active projects 
described in the chapter before.
   
4-2   Ocean data assimilation - integrating 
ocean moni tor ing resul ts  and l ink 
observations and prediction
   To apply the global observation data from 
ocean monitoring to the prediction model, the 
data assimilation is the key process (Figure 6). 
The deployment of the Argo was a revolutionary 
progress in oceanic observation, however 3,000 
floats over the entire ocean means there is only one 
float per 300-square kilometers.  Ship observations 
can collect very precise data, but there are 
immense restrictions with time and area coverage. 
Satellites can give simultaneous observations over 
vast areas, but are limited to the sea surface.  In 
the present situation, it is virtually impossible to 
monitor all the oceans using one method.  The 
data assimilation is the method that has made 
rapid progress to integrate all the differing types of 
observation data.  In our country, JAMSTEC and 
the Kyoto University are successfully developing 
an ocean data assimilation system. The Cape Town 
Figure 5 : TAO/TRITON array (TRITON buoy ■,  TAO buoy ●)
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Declaration from the 4th Earth Observation Summit 
on November 30, 2007 referring to the importance 
of data assimilation as well as the importance 
of observation, it states in the opening, that “we 
recognize the requirement of terrestrial, oceanic, 
air-borne and apace-based Earth observations 
and data assimilation techniques and Earth system 
modeling.” Although observations have the 
advantage of capturing reality, it is not possible 
to capture the entire ocean at once.  On the other 
hand, models can provide consistent temporal-
spatial grided data, but come with a disparity with 
reality.  “Data Assimilation” is to input various 
observation data not uniform for time and space to 
Global General Ocean Circulation Model, correct 
the model result being suitable for the observed 
value, and to create a grided data set. As a result, 
data may be referred even for sea areas with no 
observed value available. This means that the 
grided “Global Oceanographic Observation Data” 
can be given , which can be applied to “Global 
Change Simulation Model” by “Data Assimilation”. 
A part of the obtained “Global Oceanographic 
Observation Data” may also be separated and 
used as an analytical observation data for the 
process study to understand the individual dynamic 
phenomenon. (Figure 7) 
   In the field of meteorology, data “assimilation” 
is routinely used for the process study and 
simulations as cal led “Re-analysis  Data”. 
Especially in the weather forecast, as the forecasted 
result would be significantly affected by the quality 
of the initial value, the initial data assimilated from 
the  meteorological observation data is used for the 
calculation (forecast) of the weather forecast.
   “Ocean Data Assimilation” presented here is to 
assimulate various observation data, such as the 
sea surface satellite data (e.g. sea surface dynamic 
height and water temperature), high-quality in-situ 
data (e.g. water temperature and salinity) obtained 
by the International Repeat Hydrography and 
Carbon Project, and the TRITON buoy observation, 
and the water temperature and salinity of the ocean 
interior by Argo float to the Global General Ocean 
Circulation Model and then produce the integrated 
data set with the high temporal-spatial resolution. 
Conclusion
5-1   Necessity of climate change prediction 
with high-quality and high resolution 
observation data
   Japan had a record high temperature in summer 
2007 as 40.9°C, which is the highest ever in the 
last 74 years. As the unusual weathers were also 
reported from the world, the climate change was 
Figure 6 : The scope and focus of GEOSS
Source:10-Year Implementation Plan Reference Document
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a big topic in the last summer to support the 
Prediction of IPCC the 4th Assessment Report. 
While many countries are tackling the global 
warming prediction as an international framework, 
Japan is not the exception and is promoting the 
various measures to cope with global warming of 
the Ministry of the Environment and the Ministry 
of Education, Culture, Sports, Science and 
Technology. In particular, the “developing next 
generation supercomputer” with the computation 
speed 280 times of Earth Simulator will make 
great progress in the global warming prediction. 
However, in order to achieve the policy for the 
upcoming 20-30 years based on the fourth report, 
and the firth report to follow in a few years, the 
reliability of the prediction is the key. To improve 
its reliability, high quality and high resolution 
observation data is required for the initial and 
validation data and improvement of the model. 
5-2   Construction of ocean data assimilation 
system
   No versatile technique is available to observe all 
oceans at a time as an oceanographic surveillance 
technique. Then, how we can create the “Global 
Oceanographic Observation Data” which can 
be applied to “Global  Change Simulat ion 
Model”? The answer is to incorporate the various 
observation data such as the Argo Project into the 
Ocean Data Assimilation System. Therefore, a 
measure that integrates various observation data 
and make the “Global Oceanographic Observation 
Data” set should enable provision of the effective 
earth observation data and its update without taking 
a large sum of budget newly applied. GEOSS has 
proposed the exactly same system in the 10-Year 
Action Plan. 
5-3   Enhancement of global oceanographic 
monitoring system
   The ocean monitoring described in Chapter 3 
is maintained by the research and development 
expenditure of Japan Agency for Marine-Earth 
Science and Technology (JAMSTEC). The 
budget scale for FY 2007 is about 800 million yen 
(including 30 million yen for Argo Project, 20 
million yen for International Repeat Hydrography 
and Carbon Project, and 300 million yen for 
TRITON buoy) except the ship operation cost. 
As those projects are conducted by the individual 
project divisions of the independent administrative 
Agency, JAMSTEC, it is not promising if those are 
sustainable in the future. In order to provide the 
“Global Oceanographic Observation Data”, while 
Figure 7 : Concept of global oceanographic monitoring system
Prepared by the STFC based on the figure provided by Dr. Masao Fukasawa, Japan Agency for Marine-Earth Science and 
Technology (JAMSTEC)
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enhancing the ocean monitoring such as fulfillment 
of the buoy observation network, as well as to 
manage the Ocean Data Assimilation System, 
approximately 50 % of increase of the budget may 
be necessary in the future.
   It is inevitable to have a long-term monitoring 
system to keep watching the ever-changing 
world oceans. Its support is necessary as a 
countermeasure. A tremendous amount of budget is 
required for Earth Observation, such as launching 
satellites and ship operation costs. Meanwhile, 
if the existing ocean monitoring projects are 
integrated, Japan can contribute to the global 
change prediction that is the primary purpose 
of GEOSS. For an effective and continuous 
monitoring of the global oceans, there should 
be a mechanism to secure a fund sufficient to 
establish and maintain the “Global Oceanographic 
Monitoring System” to integrate the global ocean 
monitoring and the ocean data assimilation.
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